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ABSTRACT 

The present invention provides a nucleic acid sequence amplification method and 
apparatuses thereof that are simple in the design and easy to miniaturize and integrate into 
* complex apparatuses, with capability of using DNA polymerases that are not thermostable. In 
5 the present invention, a plurality of heat sources are combined to supply heat to, or remove 
heat from specific regions of the sample such that a specific spatial temperature distribution is 
maintained inside the sample by locating a relatively high temperature region lower in height 
than a relatively low temperature region. 

10 

REPRESENTATIVE DRAWING 

Figure 3a 

15 

KEYWORDS 

Nucleic acid sequence amplification method, polymerase chain reaction, thermal convection, 
heat source, thermally conductive solid 

20 
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TITLE OF THE INVENTION 

METHOD AND APPARATUS FOR AMPLIFICATION OF NUCLEIC ACID 
SEQUENCES BY USING THERMAL CONVECTION 



5 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a schematic diagram of the operation principle of the nucleic acid 
sequence amplification method based on the thermal convection. 

Figure 2a and 2b show schematic diagrams of the cases having more than three 
10 specific temperature regions in the sample. 

Figure 3a and 3b show a cross sectional view and a perspective view, respectively, of 
the nucleic acid sequence amplification apparatus according to the present invention. 

Figure 4 shows the temperature distribution of the sample at various heights in the 
reaction vessel. 

15 Figure 5 is a photograph of the electrophoresis result illustrating results of Example 1 

at various reaction times. 

Figure 6 is a photograph of the electrophoresis result illustrating results of Example 2 
for each pair of primers. 

Figure 7 is a photograph of the electrophoresis result illustrating results of Example 3 
20 at various reaction times. 



Explanation on the numbers of the important parts in the drawings 

1,1': High temperature region 
25 2, 2': Low temperature region 

3, 4, 3', 4*: Heat source 

5: Convection region 

6: Reaction vessel 

101 : First conduction block 
30 102: Second conduction block 

103: Reaction vessel 
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104: Heating device 
105: Inlet of temperature control fluid 
106: Outlet of temperature control fluid 
107: Insulator 
5 112, 117: Through hole 

111: Opening 

FILED OF THE INVENTION AND BACKGROUND ART 

10 The present invention generally relates to methods and apparatuses for amplifying 

nucleic acid sequences. More particularly, it relates to methods and apparatuses using thermal 
convection, in which temperature controlled amplification processes including the polymerase 
chain reaction (PGR) and related processes can be performed to amplify target nucleic acid 
sequences from genetic samples containing DNA or RNA. 

15 

Nucleic acid sequence amplification technology has a wide application in bioscience, 
genetic engineering, and medical science for research and development and diagnostic 
purposes. In particular, the nucleic acid sequence amplification technology using PGR 
(hereafter referred to as "PGR amplification technology") has been most widely utilized. 
20 Details of the PGR amplification technology have been disclosed in US Pat. No. 4,683,202; 
4,683,195; 4,800,159; and 4,965,188. 

Various apparatuses and methods incorporating automated PGR amplification 
processes have been developed and used for fast and efficient amplification of a variety of 
25 genetic samples. The basic working principle of such technology is as follows. 

In the commercialized PGR amplification technology, a sample is prepared to contain a 
template DNA to be amplified, a pair of oligonucleotide primers complementary to a specific 
sequence of each single strand of the template DNA, a thermostable DNA polymerase, and 
30 deoxynucleotide triphosphates (dNTP). A specific portion of the nucleic acid sequence of 
the template DNA is then amplified by repeating a temperature cycle that sequentially 
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changes the temperature of the sample. Typically, the temperature cycle consists of three or 
two temperature steps, and the amplification processes during the temperature cycle occur in 
the following manner. 

5 The first step is the denaturation step in which the sample is heated to a high 

temperature and double stranded DNAs become separated to single stranded DNAs. The 
second step is the annealing step in which the sample is cooled to a low temperature and the 
single stranded DNAs formed in the first step bind to the primers, forming partially double 
stranded DNA-primer complexes. The last step is the polymerization step in which the 

10 sample is maintained at a suitable temperature and the primers in the DNA-primer complexes 
are extended by the action of the DNA polymerase, generating new single stranded DNAs that 
are complementary to each of the template DNA strands. The target nucleic acid sequences 
as selected by the sequences of the two primers are replicated during each cycle consisting of 
the above three steps. Typically, several millions or higher number of copies of the target 

15 nucleic acid sequences can be produced by repeating the temperature cycles for about 20 to 
40 times. 

The temperature of the denaturation step is typically 90-94°C. The temperature of the 
annealing step is controlled appropriately according to the melting temperatures (Tm) of the 

20 primers used, and it typically ranges from 35 to 65*^C. It is typical to set the temperature of 
the polymerization step to 72°C and use a three-step temperature cycle, since the most 
frequently used Tag DNA polymerase (a thermostable DNA polymerase extracted from 
Thermus aquaticus) has the optimal activity at that temperature. A two-step temperature 
cycle in which the polymerization temperature is set to the same as the annealing temperature, 

25 can also be used since the Taq DNA polymerase has a broad temperature range of the 
polymerase activity. 

In the most widely used method, a reaction vessel containing the sample is made in 
contact with a solid metal block having a high thermal conductivity, and the temperature of 
30 the solid metal block is changed by combining it with heating and cooling devices to achieve 
the desired temperature cycling of the sample. The commercial products adopting this type 
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of methods often use a gold-plated silver block that has very high thermal conductivity and/or 
the Peltier cooling method in order to achieve rapid temperature change. Recently, methods 
using a fluid such as gas or liquid as a heat source instead of the solid metal block, have been 
developed to achieve rapid temperature change, and products using such methods are being 
5 commercialized. In this type of methods, a fluid heated to a suitable temperature is 
circulated around the reaction vessel in a manner that an efficient thermal contact can be 
provided between the fluid heat source and the reaction vessel containing the sample. Other 
types of methods have also been developed to achieve rapid temperature cycling. Additional 
examples include a method of contacting the reaction vessel containing the sample or the 
10 sample itself sequentially with multiple heat sources each at a specific temperature, a method 
of heating the sample directly with infrared radiation, etc. 

The prior nucleic acid sequence amplification apparatuses have a number of 
drawbacks as they operate to change the temperature of the whole sample according to the 
15 three- or two-step temperature cycle. 

Firstly, the prior nucleic acid sequence amplification apparatuses of the temperature 
cycling type are complex in their design since processes for changing the sample temperature 
are necessary. In order to perform such temperature change processes, the method 

20 incorporating a solid metal block or a fluid as a heat source requires a means for controlling 
and changing the temperature of the heat source rapidly and uniformly and also a means for 
controlling the time interval of the temperature change. Similarly, the method of contacting 
the reaction vessel or the sample sequentially with multiple heat sources each at a specific 
temperature requires a means for moving the reaction vessel or the sample quickly and 

25 precisely and also a means for controlling the moving time and interval. 

Secondly, it is difficult to integrate the prior nucleic acid sequence amplification 
apparatuses in a complex apparatus or a miniaturized device, due to their complicated design. 
Recently, miniaturized complex apparatuses are under development in the biotechnology field. 
30 For example, Lab-on-a-chip has been developed by integrating channels for sample passage, 
valves, pressure gauges, reaction vessels, detection units, etc. as a single unit on a glass. 
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silicon, or polymer plate using photolithography. Such miniaturized complex apparatuses 
are expected to have wide applications for various research and medical purposes. In the 
case that a nucleic acid sequence amplification apparatus needs to be integrated to such 
miniaturized chip, the prior method has a drawback in miniaturization because it requires a 
5 complex design to enable the temperature change processes. Furthermore, it is difficult to 
integrate the prior apparatuses in a complex apparatus in which rapid temperature change is 
not desirable. 

Thirdly, the prior nucleic acid sequence amplification apparatuses can only use 
10 thermostable DNA polymerases such as Tag DNA polymerase. This is because the prior 
apparatuses have the process of heating the whole sample to a high temperature. 

Finally, the prior nucleic acid sequence amplification apparatuses have a limitation for 
reducing the PGR reaction time. Since the prior apparatuses require the processes for 
15 changing the temperature of the whole sample, the PGR reaction time must take more time at 
least as much as the time needed for the temperature change. 

TECHNICAL OBJECT OF THE INVENTION 

20 The present invention is contrived to solve the above problems. It is an objective of 

the present invention to provide a new nucleic acid sequence amplification method and 
apparatuses thereof based on thermal convection. The new method and apparatuses 
according to the present invention achieve amplification of nucleic acid sequences by forming 
a plurality of specific regions having different temperatures inside the sample and thereby 

25 causing natural thermal convection of the sample to occur as a result of the temperature 
gradient among the different regions. 

It is also an objective of the present invention to provide a method and apparatuses 
thereof that are simpler in their design and do not require complex components such as a 
30 means for changing the temperature in a controlled manner and a means for controlling the 
time interval of the temperature change as are required in the prior temperature cycling 
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methods and apparatuses. 

Therefore, it is another objective of the present invention to provide a nucleic acid 
sequence amplification method and apparatuses thereof that are simpler than the prior art so 
5 that they can be readily miniaturized and thus integrated into complex miniaturized 
apparatuses such as Lab-on-a-chip. 

It is still another objective of the present invention to provide a nucleic acid sequence 
amplification method and apparatuses thereof based on the thermal convection in which not 
10 only the thermostable DNA polymerases but also non-thermostable DNA polymerases can be 
used. 

It is still further objective of the present invention to provide a more efficient nucleic 
acid sequence amplification method and apparatuses thereof that do not require the 
15 temperature change processes needed in the prior art. 

Other objects and advantages of the invention will become clear to those skilled in 
the art from the following detailed description, claims, and drawings. 

20 

DETAILED DESCRIPTION OF THE INVENTION 

In order to achieve the above objectives, the present invention provides a new nucleic 
acid sequence amplification method and apparatuses thereof based on the novel thermal 
convection type operation principle described below. 

25 

To achieve the above objectives, the present invention provides a nucleic acid 
sequence amplification method using PGR, which method comprises: 

a step of injecting into a reaction vessel a sample containing a template DNA having 
target nucleic acid sequences to be amplified, DNA polymerase, deoxyadenosine 
30 triphosphate, deoxycytidine triphosphate, deoxyguanosine triphosphate, 

deoxythymidine triphosphate, and at least two oligonucleotide primers 
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complementary to the 3' terminus of each of the target nucleic acid sequences; and 
a step of maintaining a specific spatial temperature distribution in the sample by 
contacting thermally with the sample a plurality of heat sovirces which supply heat 
to, or remove heat from specific regions of the sample such that a relatively high 
temperature region is located lower in height than a relatively low temperature 
region, 

wherein the specific spatial temperature distribution comprises spatial regions 
fulfilling temperature conditions suitable for (i) a denaturation step in which double 
stranded DNAs become separated to single stranded DNAs, (ii) an annealing step 
in which the single stranded DNAs formed in the denaturation step hybridize to the 
primers to form DNA-primer complexes, or (iii) a polymerization step in which the 
primers in the DNA-primer complexes are extended by the polymerization 
reaction, 

and wherein the specific spatial temperature distribution is a temperature distribution 
that induces circulation of the sample by thermal convection so that the 
denaturation, annealing, and polymerization steps occur sequentially and 
repeatedly inside the sample. 

To achieve the above objectives, the present invention provides a nucleic acid 
sequence amplification apparatus using PGR, which apparatus comprises: 

a plurality of heat sources which may supply heat to, or remove heat from a plurality 
of specific regions in a sample, 

wherein the heat sources are arranged to maintain a specific spatial temperature 
distribution in the sample such that a relatively high temperature region is located 
lower in height than a relatively low temperature region, 

wherein the specific spatial temperature distribution comprises spatial regions 
fulfilling temperature conditions suitable for (i) a denaturation step in which double 
strand DNAs become separated to single strand DNAs, (ii) an annealing step in 
which the single strand DNAs formed in the denaturation step hybridize to the 
primers to form DNA-primer complexes, or (iii) a polymerization step in which the 
primers in the DNA-primer complexes are extended by the polymerization 
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reaction, 

and wherein the specific spatial temperature distribution is a temperature distribution 
that induces circulation of the sample by thermal convection so that the 
denaturation, annealing, and polymerization steps occur sequentially and 
5 repeatedly inside the sample. 

In the present invention, spatial regions are generated inside the reaction vessel 
containing the sample, in which regions the denaturation, annealing, and polymerization steps 
can occur sequentially and repeatedly. In order to achieve this, a plurality of heat sources 

10 are combined to supply heat to, or remove heat from the specific regions of the sample, and 
moreover a relatively high temperature region is located to be lower in height than a relatively 
low temperature region. This results in generation of a natural thermal convection as a result 
of the temperature gradient between the specific regions, thereby causing circulation of the 
sample among the different temperature regions. Thus, the denaturation, annealing, and 

15 polymerization steps can occur sequentially and repeatedly, resulting in amplification of 
nucleic acid sequences. 

As described, the nucleic acid sequence amplification apparatuses of the present 
invention are based on the thermal convection method and it has the following characteristics 

20 in their design. Firstly, the apparatus of the present invention requires a plurality of heat 
sources that can maintain a plurality of specific temperature regions in the sample inside the 
reaction vessel at selected temperatures. Secondly, a relatively high temperature region 
should be positioned lower in height than a relatively low temperature region so as to induce 
circulation of the sample among the specific temperature regions via thermal convection. 

25 More specifically, the sample in the high temperature region has a lower density than that in 
the low temperature region. Therefore, the buoyant force is generated and it causes the 
sample to move from the high temperature region at the lower position to the low temperature 
region at the higher position, while the gravitational force causes the sample to move in the 
opposite direction. A natural thermal convection is thus generated by the temperature 

30 difference, resulting in circulation of the sample among the specific temperature regions. 
Finally, the temperatures of the specific temperature regions should be selected such that 
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spatial regions, in which the denaturation, annealing, and polymerization steps can occur in 
each region, can be formed in the sample and also the three steps can be performed 
sequentially and repeatedly by thermal convection-induced circulation of the sample among 
the specific temperature regions at an appropriate speed. 

5 

The objectives, features and advantages described above will be apparent from the 
following detailed description provided in connection with the attached drawings. In 
describing the present invention, detailed explanation on the related prior art will be omitted 
when it can unnecessarily make the points of the present invention ambiguous. Below, the 
10 preferred embodiments according to the present invention are explained in detail referring to 
the attached drawings. 

Figure 1 shows a schematic diagram of the operation principle of the nucleic acid 
amplification method based on the thermal convection. The embodiment shown in Figure 1 

15 exempUfies the case in which a straight tubing with its one end closed is used as a reaction 
vessel and two specific temperature regions 1 and 2 are generated. However, as shown in 
the embodiments depicted in Figure 2, reaction vessels having modified shapes may be used 
and three or more specific temperature regions may be generated. It should be apparent to 
those skilled in the art that various modifications including those described above may be 

20 contemplated based on the thermal-convection operation principle of the nucleic acid 
amplification method according to the present invention. 

In one embodiment as shown in Figure 1 , the reaction vessel is in thermal contact with 
two heat sources 3 and 4 that supplies heat to, or removes heat from the specific regions 1 and 

25 2 in the sample directly or indirectly through the wall of the reaction vessel, thereby forming a 
spatial temperature distribution in the sample. The temperature distribution thus formed 
allows the three steps, the denaturation, annealing, and polymerization steps required in PGR 
to occur. Among the two regions 1 and 2 having different temperatures, the relatively high 
temperature region 1 is positioned lower in height than the relatively low temperature region 2. 

30 The temperature difference generates density difference in the sample. The buoyant force 
exerted on the low density sample in the high temperature region 1 and the gravitational force 
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exerted on the high density sample in the low temperature region 2 generate a thermal 
convection of the sample. Thus the sample naturally circulates among the different spatial 
regions in each of which the denaturation, annealing, and polymerization steps can occur. 
This design makes the three PGR steps occur sequentially and repeatedly, thereby achieving 
5 amplification of DNA nucleic acid sequences by the PGR process. A more detailed 
operation is exemplified below. 

For instance, the high temperature region 1 located at a lower portion of the sample 
may be maintained at a temperature between 90 to 94°C at which temperature double strand 

10 DNAs can be separated into single strand DNAs. Such arrangement makes the denaturation 
step occur mainly in the region 1 . The low temperature region 2 located at an upper portion of 
the sample may be maintained at the annealing temperature between 35 to 65^G so that the 
DNAs denatured at the high temperature region at the lower portion moves to the low 
temperature region at the upper portion by thermal convection, and therefore the single 

15 stranded DNAs can anneal with the primers that are complementary to the single stranded 
DNAs, forming DNA-primer complexes. In this arrangement, if Taq DNA polymerase, 
known to have its optimal activity at 72°G and a wide temperature range of activity even to 
low temperature, is used for polymerization, the polymerization step, where DNA polymerase 
binds to the DNA-primer complex and the primer is extended, can occur in the low 

20 temperature region 2 and at the upper portion of the convection region 5. Therefore, the 
denaturation step occurs first in the high temperature region 1 and the denatured DNAs move 
to the low temperature region 2 by thermal convection. The annealing stfep thus occurs in 
the low temperature region in the presence of the primers. The polymerization step finally 
occurs in the presence of DNA polymerase during the time period that the DNA-primer 

25 complexes formed in the annealing step are passing through the low temperature region 2 and 
the convection region 5 by thermal convection. Consequently, the denaturation, annealing, 
and polymerization steps can occur sequentially and repeated, thereby amplifying efficiently 
the target sequences of the sample DNA. 

30 In other embodiments as shown in Figure 2, it is contemplated that three specific 

regions of the reaction vessel are in thermal contact with a plurality of heat sources. Figure 
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2a shows a schematic diagram illustrating one embodiment in which a plurality of heat 
sources 3, 3\ and 4 are arranged to form two high temperature regions 1 and 1' and one low 
temperature region 2. Figure 2b shows a schematic diagram illustrating another embodiment 
in which a plurality of heat sources 3, 4, and 4' are arranged to form one high temperature 
5 region 1 and two low temperature regions 2 and 2\ The plurality of the heat sources used 
herein may be arranged separately for each temperature region or a same heat source may be 
used for more than one temperature regions. In the embodiment illustrated in Figure 2a, if 
the two high temperature regions 1 and 1' are designed for the denaturation and 
polymerization steps, respectively, each region should be contacted with a heat source that can 
10 maintain the temperature of that region suitable for each step. In the embodiment illustrated 
in Figure 2b, if both of the two low temperature regions 2 and 2' are designed for the 
annealing step, it is preferable to use one heat source in replacement of the two heat sources 4 
and 4'. In addition, Figure 2b shows that it is possible according to the present invention to 
construct a reaction vessel having separate sample inlet and outlet. 

15 

In order to improve the efficiency of the present invention, it is important to control the 
speed of the thermal convection such that the reaction at each step can occur sufficiently and 
at the same time the total reaction time can be reduced. This can be achieved by (a) 
controlling the temperature gradient between the specific temperature regions, (b) controlling 

20 the diameter of the reaction vessel, or (c) changing the material of the reaction vessel. When 
controlling the temperature gradient to adjust the thermal convection speed, it is most 
convenient to vary the temperature difference between the specific temperature regions. 
However, this has a limitation since each of the specific temperature regions has its own 
function for PGR that is dependent on temperature. Therefore, the distance between the high 

25 temperature region (1 and V) and the low temperature region (2 and 2') may be varied to 
obtain the same effect. For instance, the temperature gradient becomes smaller as the 
distance between the two temperature regions becomes larger if the temperature difference 
remains the same, and thus the thermal convection speed becomes reduced. Since the 
adhesion force between the wall of the reaction vessel and the sample is a factor that inhibits 

30 the thermal convection, the thermal convection speed can be controlled by adjusting the 
diameter of the reaction vessel. As the ratio of the surface area of the reaction vessel in 
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contact with the sample relative to the volume of the sample becomes larger, the adhesion 
force increases and the thermal convection speed decreases. Therefore, the thermal 
convection speed can be controlled by adjusting the diameter of the reaction vessel, thereby 
controlling the surface area of the reaction vessel in contact with the sample. The adhesion 
5 force between the sample and the wall of the reaction vessel also has an intimate relation with 
the material of the reaction vessel. Because the PGR process is normally performed in an 
aqueous solution, hydrophobic materials such as polyethylene and polypropylene that have 
weaker adhesion force with water give rise to higher convection speeds as compared to 
hydrophilic materials such as glass. Therefore, the efficiency of the present invention can be 
10 improved further by designing the reaction vessel suitable for the PGR reaction kinetics based 
on the principles described above. 

Figure 3 shows a cross sectional view (Figure 3a) and a perspective view (Figure 3b) 
of the nucleic acid sequence amplification apparatus according to one embodiment of the 

15 present invention. The apparatus shown in Figure 3 comprises a plurality of heat sources as 
means for maintaining temperature, which include a heating unit, a cooling unit, or a 
combination of a heating unit and a cooling unit. Preferably, an insulating means may be 
included in between the heat sources to thermally insulate the heat sources. In this particular 
embodiment, the apparatus comprises first and second heat sources that are in thermal contact 

20 with specific regions of the sample. The first heat source consists of a first thermally 
conductive block 101 and an electric heating unit 104 that supplies heat to the first thermally 
conductive block. The first thermally conductive block is in thermal contact with a lower 
portion of the reaction vessel to form a high temperature region at a lower portion of the 
sample. The second heat source consists of a second thermally conductive block 102 and a 

25 circulating water bath that circulates water at certain temperature through the inside of the 
second thermally conductive block to maintain the temperature of the second thermally 
conductive block at a suitable temperature. The second thermally conductive block 102 is in 
thermal contact with an upper portion of the reaction vessel to form a low temperature region 
at an upper portion of the sample. The second thermally conductive block 102 comprises an 

30 inlet 105 though which water flows in from the water bath, an outlet 106 through which the 
water flows out, and a fluid circulation channel for circulating the water inside the second 

15 
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thermally conductive block. Although the fluid circulation channel in the second thermally 
conductive block is not depicted in Figure 3, the person skilled in the art can understand that 
the fluid circulation charmel is designed to transfer heat uniformly to the second thermally 
conductive block 102. The material of the thermally conductive blocks 101 and 102 is 
5 selected to be copper that has a high thermal conductivity, and an insulator 107 is inserted 
between the two blocks to prohibit direct heat transfer. The first and second thermally 
conductive blocks 101 and 102 have receptor openings for introduction of the reaction vessels. 
The receptor opening consists of an opening 111 having its one end closed in the first 
thermally conductive block 101, a through hole 1 12 in the second thermally conductive block, 
10 and another through hole 1 17 in the insulator. 

In Example 1 , 2, and 3 described later, the high temperature region at a lower portion 
of the sample is maintained at 94°C by controlling the electric heating unit 104, and the low 
temperature region at an upper portion of the sample at 45^C by controlling the temperature of 
15 water in the circulating water bath. 

The present invention is not limited to the nucleic acid sequence amplification 
apparatus depicted in Figure 3. The following modifications are possible. 

20 Firstly, the structures of the thermally conductive blocks 101 and 102 may be modified. 

For instance, the first thermally conductive block 101 may be contacted thermally with a 
lower portion of the reaction vessel and the second thermally conductive block 102 with an 
upper portion of the reaction vessel, while an intermediate portion of the reaction vessel may 
be contacted with air or a third thermally conductive block. In addition, different from the 

25 embodiment depicted in Figure 3 in which heat is transferred from the blocks to the specific 
regions of the sample through the wall of the reaction vessel, the thermally conductive blocks 
may be contacted directly with the sample. 

Secondly, the material of the thermally conductive blocks may be modified. In the 
30 embodiment depicted in Figure 3, the thermally conductive blocks 101 and 102 made of 
copper are used, but the material is not limited to copper. Nearly any material that can 
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transfer heat to the reaction vessel may be used. For instance, other thermally conductive 
solid or fluid such as liquid or gas may be used in replacement of the thermally conductive 
blocks used above. For some instance, infrared radiation or other means may be used in 
replacement of some or all of the thermally conductive blocks 101 and 102. 

5 

Thirdly, means for maintaining the temperatures of the first and second thermally 
conductive blocks are not limited to a circulating water bath or an electric heating unit. 
Nearly any unit that can supply heat to, remove heat from the sample may be used. 

10 Fourthly, nearly any means such as solid, liquid, or gas may be used in replacement of 

the insulator 107 depicted in Figure 3 as far as it is suitable for insulating heat transfer 
between conductive materials. It is also possible to use a composition that does not include 
the insulator. 

15 Finally, when a modified reaction vessel (for example, those shown in Figures 2a or 

2b) is used instead of the reaction vessel illustrated in Figure 1 to facilitate the thermal 
convection, one may use a plurality of heat sources including thermally conductive blocks and 
their modifications that are suitably modified based on the principle of the present invention. 

20 The first, second, and third cases described above are examples in which a part of the 

heat source, particularly the thermally conductive block, is modified. As used herein, the 
heat source refers to any means that can be used for maintaining the temperature of the 
sample at a specific value. Therefore, in addition to the modification examples of the heat 
sources described above, any device may be used as a heat sovirce in the present invention as 

25 far as it can be used to maintain a specific region of the sample at a selected temperature. 
The present invention includes nearly any apparatus that has a fimction of maintaining 
specific regions of the sample at selected temperatures. This is because the present 
invention is characterized not by a particular design of the heat sources but by the special 
arrangement of the heat sources intended for generating a specific temperature distribution 

30 inside the sample that enables the PGR process to occur sequentially and repeatedly. More 
detailed designs of the modification examples described above may be varied depending on 
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the development of industrial technologies. Therefore, detailed explanations are omitted. 

Figure 4 shows a temperature distribution measured at various heights from the 
bottom of the reaction vessel, demonstrating the principle of the PGR process based on the 
5 thermal convection. The thermal convection is a phenomenon by which movement of fluid 
is induced by a density difference generated by difference in temperature. This type of 
convection is referred to as a natural convection, distinguished from a forced convection 
where fluid is forced to move by a pump or a propeller. The term convection as used in the 
present invention always refers to a natural convection. For a natural convection to occur in 
10 the reaction vessel, a lower portion of the sample in the reaction vessel should be higher in 
temperature than an upper portion. 

As can be seen in Figure 4, when the first thermally conductive block 101 contacting 
with a lower portion of the reaction vessel is maintained at 96°C and the second thermally 

15 conductive block 102 contacting with an upper portion at 45°C, the high temperature region 
(the region with the temperature higher than or equal to 90''C in Figure 4), the low 
temperature region (the region with the temperature near 50°C), and the convection region 
(the region having a temperature gradient) are formed. The sample is subject to the 
denaturation step in the high temperature region. The denatured sample then moves to the 

20 low temperature region across the convection region, in which the sample is subject to the 
annealing step. While staying in the low temperature region and moving back through the 
convection region from the low temperature region, the sample is subject to the 
polymerization step. Thermal convection causes the sample to circulate the three regions 
sequentially and repeatedly, thereby leading to amplification of nucleic acid sequences by 

25 PGR. 

Figure 7 shows the resuhs obtained by using DNA polymerase immobilized on the 
solid surface. In the nucleic acid sequence amplification method of the thermal convection 
type according to the present invention, DNA polymerases that are not thermostable, such as 
30 Klenow fragment and T7 DNA polymerase, may be used in addition to the thermostable 
polymerases such as Taq DNA polymerase. This is due to the following fact. By the virtue 
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of the characteristics of the present invention, the temperature of the total sample does not 
change from a high temperature to a low temperature or vice versa repeatedly, but the specific 
regions in the sample are maintained at constant temperatures. For instance, an upper 
portion of the sample may be maintained at a low temperature, whereas a lower portion of the 
5 sample may be maintained at a high temperature. It is possible to use DNA polymerase that 
is not thermostable, by locating the immobilized DNA polymerase in the low temperature 
region or in the upper portion of the convection region near the low temperature region. 

Example 1, 2, and 3 described below confirm that the objectives of the present 
10 invention can be achieved using a nucleic acid sequence amplification apparatus of the 
present invention. 

Example 1. 

15 1 . Experimental conditions 

1.1. Reaction vessel 

A glass tubing with its one end closed was used as a reaction vessel. The glass tubing 
had a length of 55—60 mm, an inner diameter of 2 mm, an outer diameter of 8 mm, and a 

20 thickness of 3 mm at the bottom-side closed end. The inner wall of the glass tubing was 
coated with polytetrafluoroethylene using a spray type coating material and thermally 
hardened. 

1.2. Sample 

25 pBluescript II KS(+) was used as a template DNA. The sample used in PGR 

contained 40 ng of the template DNA, 40 pmol each of T3 primer 
(5'-ATTAACCCTCACTAAAG-3') and T7 primer (5'-AATACGACTCACTATAG-3*), 4 nmol 
of dNTP, 1 pmol (5 U) of Tag DNA polymerase, and 250 nmol of MgCb in 100 ^l of 10 mM 
Tris buffer at pH 8.3 containing 50 mM KCl. 

30 

1 .3. Reaction temperature and reaction time 
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Firstly, the first thermally conductive block 101 located at a lower side was heated with 
an electric heating unit and maintained at 96°C, and the second thermally conductive block 
102 located at an upper side was maintained at 45°C using a circulating water bath. The 
sample prepared above was injected to the reaction vessel, and the reaction vessel was then 
5 inserted into the receptor 111, 117, and 112. The sample was allowed to react for a suitable 
time. During the reaction, the reaction vessel was pressurized to about 1.2 atm by adding 
nitrogen gas to prevent boiling of the sample solution. 

1.4, Measurement of the temperature distribution in the sample contained in the 
10 reaction vessel 

The temperature in each region of the sample was measured under the above reaction 
conditions. The tip of a thermocouple thermometer was placed every 2.5 mm from the 
bottom of the reaction vessel, and the temperature was measured and recorded after sufficient 
time. An example of the temperature distribution of the sample in the reaction vessel is 
15 shown in Figure 4. 

2. Results 

First, the measured temperature in each region of the sample in the reaction vessel 
under the above reaction conditions confirmed (see Figure 4) that a high temperature region 
20 above 90°C for denaturation, a low temperature region around 50°C for annealing, and a 
convection region having a temperature gradient for induction of the thermal convection are 
formed. Polymerization is expected to occur in the low temperature region and the upper 
portion of the convection region. 

25 After the sample was incubated for a given reaction time under the above reaction 

conditions, the reaction vessel was taken out and cooled. The reaction products were 
analyzed by electrophoresis using 1.0% agarose gel. Figure 5 is a photograph of the 
electrophoresis results obtained at the reaction times up to 4 hours for every 30 min time 
interval. The reaction product is a 164 bp double stranded DNA. As can be seen in Figure 

30 5, the PGR reaction reaches saturation before 90 min. 

20 
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Example 2. 

1 . Experimental conditions 

In addition to T3/T7 primer pair, KS/U , KS/PvmII, and KS/Nael primer pairs were 
5 also examined in the experiments. The reaction time was set to 150 min, and other reaction 
conditions were the same as in Example 1 . The sequences of the T3 and T7 primers were 
described in Example 1, and the sequences of other primers are given as follows: 

KS primer: 5'-CGAGGTCGACGGTATCG-3' 
10 U primer: 5'-GTAAAACGACGGCCAGT-3' 

Pvull primer: 5'-TGGCGAAAGGGGGATGT-3' 
Nael primer: 5'-GGCGAACGTGGCGAGAA-3' 

2. Results 

15 As in Example 1, the reaction products were analyzed by electrophoresis. Figure 6 is 

a photograph of the electrophoresis results of Example 2, where lanes 1, 2, 3, and 4 are the 
resuhs obtained with T3/T7, KS/U, KS/PvmII, and KS/Nael primer pairs, respectively. It can 
be seen that the four primer pairs produced double stranded DNAs with correct sizes of 164 
bp, 144 bp, 213 bp, and 413 bp, respectively. 

20 

Example 3. 

1 . Experimental conditions 

Instead of adding Tag DNA polymerase to the sample. Tag DNA polymerase was 
25 immobilized on the surface of a Au wire and it was located in the low temperature region. 
Other experimental conditions were the same as in Example 1 . 

2. Results 

As in Example 1 , the reaction products were analyzed by electrophoresis. Figure 7 is a 
30 photograph of the electrophoresis results obtained at the reaction times up to 4 hours for every 
30 min time interval. As can be seen in Figure 7, the PGR reaction reaches saturation before 
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150 minutes. 

From the results of Example 1, 2, and 3, the following points can be seen. 

5 Firstly, the nucleic acid sequence amplification apparatus based on the thermal 

convection according to the present invention works efficiently. 

Secondly, it was confirmed that the PGR process can be performed by locating the 
DNA polymerase immobilized on a solid surface in the low temperature region or in the upper 
10 portion of the convection region by using the nucleic acid sequence amplification apparatus 
based on the thermal convection according to the present invention. It was thus confirmed that 
DNA polymerases that are not stable at high temperature can also be used. 

It should be apparent to those skilled in the art that the present invention described 
15 above is not limited to the above embodiments and the attached drawings and that various 
substitutions, changes, and modifications are possible without departing from the technical 
ideas of the present invention. Therefore, the above embodiments and modifications are only 
for illustration, and should not be interpreted to be limiting the present invention. The real 
scope of the present invention should be determined by the following claims and is not 
20 restricted in any way by the specification. 

USEFULNESS OF THE INVENTION 

As described above, in the present invention, a plurality of specific regions of the 
25 sample are maintained at specific temperatures, and thermal convection among the specific 
regions makes the sample circulate inside the reaction vessel. Thus, the denaturation, 
annealing, and polymerization steps can be performed sequentially and repeatedly. Therefore, 
the following effects can be noted. 

30 Firstly, the nucleic acid sequence amplification apparatus can be designed with a 

simple composition. The present invention does not require the process for changing the 
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temperature of the sample. Therefore, the design according to the present invention can be 
made simpler because complex devices included in the prior apparatuses for changing and 
controlling the sample temperature are not required. 

.5 Secondly, the apparatus according to the present invention can be readily miniaturized 

or integrated into a complex apparatus such as Lab-on-a-chip to perform the PGR nucleic acid 
sequence amplification process. It can also be incorporated into the apparatuses in which 
temperature change is not desirable. 

10 Thirdly, DNA polymerases that are not thermostable can also be used. This is because 

immobilized DNA polymerases can be used in the present invention by locating them in a 
specific region inside the reaction vessel which region is maintained at a temperature suitable 
for the polymerase activity. According to the present invention, when an immobilized DNA 
polymerase is used, PGR can be performed with the immobilized DNA polymerase 

15 maintained at the temperature where the polymerase is active. Therefore, according to the 
present invention, enzymes having their optimal activities at low temperature, such as Klenow 
fragment or T7 DNA polymerase, may also be used for the PGR process. 

Finally, the reaction time for PGR can be reduced. In the present invention, there is no 

20 need to change the temperature of the total sample. Thus the time needed for changing and 
controlling the temperature of the whole sample can be saved. 
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What is claimed is: 

1. A nucleic acid sequence amplification method using polymerase chain reaction (PGR), 
which method comprises: 

5 a step of injecting into a reaction vessel a sample containing a template DNA having 

target nucleic acid sequences to be amplified, DNA polymerase, deoxyadenosine 
triphosphate, deoxycytidine triphosphate, deoxyguanosine triphosphate, 
deoxythymidine triphosphate, and at least two oligonucleotide primers 
complementary to the 3' terminus of each of the target nucleic acid sequences; and 
10 a step of maintaining a specific spatial temperature distribution in the sample by 

contacting thermally with the sample a plurality of heat sources which supply heat 
to, or remove heat from specific regions of the sample such that a relatively high 
temperature region is located lower in height than a relatively low temperature 
region, 

15 wherein the specific spatial temperature distribution comprises spatial regions 

fiilfilling temperature conditions suitable for (i) a denaturation step in which double 
stranded DNAs become separated to single stranded DNAs, (ii) an annealing step 
in which the single stranded DNAs formed in the denaturation step hybridize to the 
primers to form DNA-primer complexes, or (iii) a polymerization step in which the 

20 primers in the DNA-primer complexes are extended by the polymerization 

reaction, 

and wherein the specific spatial temperature distribution is a temperature distribution 
that induces circulation of the sample by thermal convection so that the 
denaturation, annealing, and polymerization steps occur sequentially and 
25 repeatedly inside the sample. 

2. The nucleic acid sequence amplification method of claim 1, wherein at least one of the heat 
sources comprises a thermally conductive solid in thermal contact with a specific region of 
the reaction vessel or the sample; and a heating unit that supplies heat to the thermally 

30 conductive solid, a cooling unit that removes heat fi-om the thermally conductive solid, or a 
combination of the heating unit and the cooling unit. 
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3. The nucleic acid sequence amplification method of claim 1, wherein at least one of the heat 
sources comprises a liquid in thermal contact with a specific region of the reaction vessel; a 
receptor in which the liquid is to be contained; and a heating unit that supplies heat to the 

5 liquid, a cooling unit that removes heat fi-om the liquid, or a combination of the heating unit 
and the cooling unit. 

4. The nucleic acid sequence amplification method of claim 3, wherein at least one of the heat 
sources further comprises a circulation unit that circulates the liquid around the reaction 

10 vessel. 

5. The nucleic acid sequence amplification method of claim 1, wherein at least one of the heat 
sources comprises a gas in thermal contact with a specific region of the reaction vessel; a 
heating unit that supplies heat to the gas, a cooling unit that removes heat from the gas, or a 

1 5 combination of the heating unit and the cooling unit; and a circulation vmit that circulates the 
gas around the reaction vessel. 

6. The nucleic acid sequence amplification method of claim 1, wherein at least one of the heat 
sources is an infrared radiation generating unit that supplies heat directly to the sample. 

20 

7. The nucleic acid sequence amplification method of claim 1, which method uses a means for 
insulating heat transfer between the heating sources. 

8. A nucleic acid sequence amplification apparatus using PCR, which apparatus comprises: 

25 a plurality of heat sources which may supply heat to, or remove heat from a plurality 

of specific regions in a sample, 
wherein the heat sources are arranged to maintain a specific spatial temperature 

distribution in the sample such that a relatively high temperature region is located 

lower in height than a relatively low temperature region, 
30 wherein the specific spatial temperature distribution comprises spatial regions 

fulfilling temperature conditions suitable for (i) a denaturation step in which double 
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strand DNAs become separated to single strand DNAs, (ii) an annealing step in 
which the single strand DNAs formed in the denaturation step hybridize to the 
primers to form DNA-primer complexes, or (iii) a polymerization step in which the 
primers in the DNA-primer complexes are extended by the polymerization 
5 reaction, 

and wherein the specific spatial temperature distribution is a temperature distribution 
that induces circulation of the sample by thermal convection so that the 
denaturation, annealing, and polymerization steps occur sequentially and 
repeatedly inside the sample. 

10 

9. The nucleic acid sequence amplification apparatus of claim 8, wherein at least one of the 
heat sources comprises a thermally conductive solid in thermal contact with a specific region 
of the reaction vessel or the sample; and a heating unit that supplies heat to the thermally 
conductive solid, a cooling unit that removes heat from the thermally conductive solid, or a 

15 combination of the heating unit and the cooling unit. 

10. The nucleic acid sequence amplification apparatus of claim 8, wherein at least one of the 
heat source comprises a liquid in thermal contact with a specific region of the reaction vessel; 
a receptor in which the liquid is to be contained; and a heating unit that supplies heat to the 

20 liquid, a cooling unit that removes heat from the liquid, or a combination of the heating unit 
and the cooling unit, 

11. The nucleic acid sequence amplification apparatus of claim 10, wherein at least one of the 
heat sources further comprises a circulation unit that circulates the liquid around the reaction 

25 vessel. 

12. The nucleic acid sequence amplification apparatus of claim 8, wherein at least one of the 
heat sources comprises a gas in thermal contact with a specific region, of the reaction vessel; a 
heating unit that supplies heat to the gas, a cooling unit that removes heat from the gas, or a 

30 combination of the heating unit and the cooling unit; and a circulation unit that circulates the 
gas around the reaction vessel. 
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13. The nucleic acid sequence amplification apparatus of claim 8, wherein at least one of the 
heat sources is an infrared radiation generating unit that supplies heat directly to the sample. 

5 14. The nucleic acid sequence amplification apparatus of claim 8, which apparatus uses a 
means for insulating heat transfer between the heating sources. 



27 



1020010057040 

Filing Date: September 15, 2001 




Fig.l 
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Fig. 2b 
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Fig. 3b 
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Fig. 4 
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(extension)*}*^ -S^fl^ DNA<^1 cfl^}<^ -^j-ti^<y 7>^1^ ^S.^ ^^7]- 

^ DNA* ^^1*>^ ^:^]<=>]^. <=>]^ 4 7>x] ^^V^ o.^ 20 vfl:^l 40 s\ 

<28> >s-7] i^ltfl^silol'?^ go'C'HlA-i 94 °c 'S^^ 51* ^>-§- 

2]- ^^s:>7il s^^V^cii, ^A^^o.s. 35t:<^l>H 65°c ^V-S-tti^. l-eji^ 
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Tag DM ^^Jl4i^ ^^ ^S.^ 72°CS. ^k^o] . 3^;^1 ^£ 

^l-g-^l-^ 7]-^ ^^a^olD^, Tag DM ^^7} ^ 

J1^1^^32l- <i^O.^ ^#^1^ ^o^EflollAi, ji^fl^^^ 7><i^J-^l ^ 

^£^^o] o}^ ^£^91 € ^ 1-4 (Go Id-plated silver block)^- 

^}-§-^>7lM-, €Bl-o1<H(Peltier) ^^^^ ^Ij-g-t!: ^<^1 ^l^s]::/ 

31^111:^^ <I^^^ AV-g-*>^ tflA],.7l^fl ^^fl^ 
"l^-^S. cfl^l^V<=^, 7><i^ -R-^l» A]^7l- Iro^ «>-§-§-7l 

^ ^ SZTll ^^^]^ ^S. Al^^ cj^^ ^ 

^Hll- ^5.5. ^i^l-^f ^^>^0.^ ^#^>7ll ol-g.Al7l^ ^5^1 

^ ^1^ ^<^1 ^^^^>7l ^tb 1^'^=^!: iJ-^l-ol 7fl^£lJl ^cl-. 

<30> -^>7l ^efl^ 'g7lAl<g ^S. ^^Ife, A]^ 3^;^] 2it^l 
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<31> ^^fl. ^2fl^ '^7]Ai^ A]^o^ ^£1- W]-^^ ^ 

^o] a>:E.Al ^^$>H.S. ^^^o] 4^^>cf. A]^ a].jp.^ 

^^1-^^^ ^#^1-711 oI^^aIt'I^ ^-§--§-71 Al^l- Bl)]-5j7 ^j^^>7ll o] 

^^1^1^ ==r^^ S^^V^ ^:E.a1 ^^$>7l n||^o]i:l-. 

<32> 1:^. ^Efl^ «^7lA-l<i ola^^V 4^^V ^-^^-^S ^-^^J- 

dtZLEfls:! (photolithography)!- ^>-§-*>^ , ^sl^, i^^> 7]^ ^ofl a] 

^]S. ^^A]^ ^^c^^(Lab-on-a-chip)3i)- ^^^^ ^^^^1*^ 7Msr>:il 

^0.1:^, o]^:\^ <^^-g- ^ 21 s.^o^ C^-cy:^ 

7>^ ^o.^ 7li:fl£lJl ^Cf. <^71A^<1 ^^tiV-l-^ ^m}^ ^15^- 

«]::^Al #Bfl^ *§7lAi«g Hj-A^^ zi ^A^>a-^ ^^A^o.^ 9m-o^ 
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<33> ^Efl^ <^7lA-^<g ^^]^ TaQ DNA ^^jL^sq. jl^ 9}^^^-^ 

C}. f^Hflo^ <§7]Ai<S ^3-^1^ ^^1^ WV^71 ^tl- ^^^1 

:g^^>7l tifl^oil ^oi:£ ^^7} ^51-51^ ^]^^^ PGR «]:-§- ^l^<5l 

ci<^^o^ X\S.^ ^^O] o^o]^^] ^0_S.^ <g7lA-l<g ^^^t}^, AflS.^ 711 

<t "<3-^2l <g7lA^<t taj-^ ^ ^1-^1^ ^^ll^^m H ^^^S. ^ 
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» €j8.^ ^q- ^^^^^^ ^^tb <i cfl^ <g7lAi^ ^^^^'^ 

^ ^l^^m a 4^ o.^ tt^. 

<38> SEt!:, ^ Jl^ "l!:^^^^* 7>;5l DNA f^^jLdt ^}^^ 

<40> ^ ^^^o] ^tb 7l# :^>^o^ y}^ p,}^ ^ 

^^>^-fltb ^ ^^^^'^^s.^E-i ^ "^^^ ^ ^^^^ ^Tfl 
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<43> ##B^>J1^> «g7]>H«g^ 5.^^!: DNA. DNA ^^Jli, -y-^l'tl-^ 

Si ^.^^I7l5l, ^>7l xJi\o] ^^o^ ^ >^cfl^o.^ 

<^H1 ^^1*>£^ ^7l <i^^ tifl^lAl^ S-^o^ ^£ ^IS ^ 

<45> ^1-71 ^^9] ^£ i) ol^7l-^ DNA» ^'^7]-^ DNAS ^2l*> 

^ c]uH^eflo]^ ^7^1. ii) -^>7l ^^7>^ DNA7> ^^7] E.^o]u]<i\. DNA-HHl-ol°1 4 
^^^^>^ ^^1. iii) ^7] DNA-5.5l-olnl 4^^151 ^e^-olr.^^ 
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<^^-i-^ ^f-^H, ^ tB^ofl o^tb ^1^^ ^^<^1 l=1^^2fl<=>l 

^ ^^1. ^^1, ^^>^<^iJL tiv^^^^ ^^^j^i^i^ 

<48> ^7] tfl^ S.^ <:g<^ ^ ^cfl^O.^ 

<49> Aj-7l ^^^^1 -^^^ ^£ i) <^1^7>^ DNAl- ^^^7}^ DMAS. 

^ tqtfl^Eflolxa cjTj]^ ii) >y-7] c}-<^7].^ 0NA7> ^7] ^^o]u]Si]. DM-^^o]u\ ^. 

<^^i-^ ^ cfl^^i ^tb ^^'^i ^^^i]]<^] 

^ ^^1, ^H^'^ ^^1. #el^el^Wl>5a ^^]-2^o]j7 av^^o.^. #>S^l7l^ 
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* 7>;5l o]» ^>^^^l-7l ^^H, ^1-71 A]^ xfls^ 

^^<^1 1^ ^^*>7lu|- 1^ uBfl^i:^ <i^^ 

^7l iflSl ^^ ^ ^£5. -^^IS)^ 

ZL^JL tiV^^^S •a^M-Tll ^7lA-l<go] ^^■5]7]] ^Cf. 

<51> ^oM^ ^^^] "^^^4^ ^ '^7]^^'^ ^o^^^^ ^ 

^j-^lo^ ^Ajoll ^-B-^ ^^1^ 7>^Cf. aJ^. ^^-§-71 vfl 

^ ^s^^Bfls -^^^1^ ^ 9X^ <i^* ^.a-s. ^14. 

1:^11, ^oM ^£ <=g^# ^]S.o] ^^o] <g cfl^o]] o^^fl <^oli4 

^ 'as* 7>^l7l] olS- ^-S-^^l ^'='1<^1 ^^]^ ^ 
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'^^M ^tt ^tfl «j-^o.s.^ oi^o] -B-^^ o.s>H ^St^hi sitb 

A1^S]CH;^0> ^>D^, :g-Alol] <i tfl^ofl ^efl 2^^^ ^^o^ Al^o^ ^^o] X] 

<52> >^#tb ^^, ^ ^j-^*^ s.^^- ^Mitb ^^'^^ 

-§--§-71^ A}^^Vi, ^'^i ^ 7m ^£ ^^(1, 2)* ^^^^1-^ 

s.^§>o^ c^lA]^>j7 ^o.uj., £231 «:^l#o1lA-l wj-sq. :^ol s.-^^S] ti]-g-^ 
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<54> ^1<^] ^-§-^7] oil ^o] X\S. vfl^ 2711^ 

^5L* %^^^]^ ^^^^]'=>]^, <^^^. ^^^^^]o]^S] ^^sidb <aiflti]:-§-o11 ^ 
-S-tb ^fl 7}^] ^;^17V ^ ^^>^ ^£ ^S.7} ^^^^n tbcf. A^7l 2711 

^ ^i7} Cf^ '^g^Cl, 2) ^ ^l-cfl^^^ ^i7> ^^(1)<>1 ^o^cJl^-^^ 

^£7} ^^(2)iiT=l- V^-^ ^olo)] ^^ls:>7ll ^-2.S.>H, ^£^>S-f-Bl 71 

•^^(2)^1 x\^7} ^^<^] 7.}<^^o^s. ^^s.^ i t)i^7> 

^S^H ^^^ellol^, <^^^, H 7>xl ti>-§- <^oli4^ 

cg^s. :^6\] X\s.^ ^^o] ^>o^^o.^ <a<>IM-7ll T^^^'^l 
^1-71 4 7M 'S^Jfl^-i-^ ^Tlll-ol ^^>^0.^ SV^^O.^ ^<HM-7ll 

7>^5H, oj-e^ ^^Jl^ <aifl«l:-§-<Hl ^tb DNA ^^71^-1^01 

^ ^ ^cf. ^1^1- ^^fl^^^ -^J-Bfll- <:^lAl§l-ig cf^jzl- ^cf. 

<55> «^11- 1-<H. ^IS^ ^]-#^<Hl JI^ ^^(1)51 ^£1- olf^7l-^ 

DNA» ^^^7}^ DMS. ^ 90 ^^1 94*CS. -B-^1^-^S>«| 

i^ifl^ellol^ ^7il7> ol '^^<^1^-1 ^S. <a<Hi47ll tti^. ZLelJi, Al^oi 
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ifl^l 65°CS -fr^l^M ^W^^ ^'^<^l^i DNA7> <i cfl^ 

^sfl 'a-f^^^ ^-1^ <^l-^^>7l] ^^7>^- DNA^q- ojofl 

:e.^oi <§7lA^<g^ HB^olu^jl- c>l^^s}c>l DNA-5.el-oH ^^^^Ml 

^ 7}^]^ ^ o.^ <a:^^ Tag DNA ^^Jl^# ^^^-§-^ ^>-g-^]- 

^ ^-f, DNA-S.2l-olnl DNA ^^jLi7> ^^^r>o^ ^ej-oln^^ o^^ 

(extent ion)^>7ll S)^ €Bl^Bl;^lol/a s.^ ^-^^ <=g^(2) ^ tfl^ <^^(5) 

^ *g^M-7ll I45l-^i, ^>7l ^^ JL^ <^^(l)<HlAi >a-7l T:1ifl^Sfl 

<^1^ ^^17> <a^]-^ ^olM-i, i^^i^^eflo]^^ DNA7V HSl-olB^ ^;(]) s^Hl^i ^ 
Ol^ol] Sl^fl ^>7l «^^(2)o.^ ol^^^^>^ o^^^ cf7|l7]- o]:^]-^^^ 

*^<HM-7fl ^^^<^] DNA-^5l-ol ^^^17> DNA ^-^Jl^SI #;?fl 

^Hl^i ^ tfl^6|l o^Sfl ^T-71 ^-1^ '^^(2)2)- tfl^ -^^(5)^ ^^^}^ 21-^^ 

^cH] p].;^lei-0.^ ^>7l ^^]7} -a^M-Tl] £1t:«1, ojol] ttj-e]. ^V7l clvfl 

j7 tiV^^ o.^ •a^^Tl] ^o] X\s. DNA^ ^-^l 'g7lA^<iS^ Sl^^^S. 

<56> £2o11 SAltl- tl>Sq- ^O] «].o.^7]ofl ^O] Ol- iflo^ 37flo^ <^ ^ o^l 
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^^^^ M-Hfifl^ a^^oiti^, :£2b^ iL-^ ^^(1)^ ^ 7fls^ *^^(2. 

2')^ ^€(3, 4, 4')* tifl^lAl^l^ ^^^^^ M-Bfxfl^ S-^S. 

olcf. o] A>-g-S]^ >S-7l ^^1-^ i^^^Sl x^.^ ^7] cg^ 

^S. til]^ls)7li4 'i^*^! 4^ 3£ ^i^i-. £2a^ ^-f , 

^7] "i^ ^ ^ 7M(4. 4')^ ^<=^^ <t^* ^-§-*m ^^^1 c1 

u>^3]^ ^olcf. ^t!r, -£2b<^l M-Ef*^ 2.^:^^, ^ ^^>o^ Aj^o] 

^ ^^'^^ J:^^ *^^^^l7l7] Z| ^:^]c^ BV-g-o] ^^:Srl <a<Hl4^ 

o] ^^^>4. o]^ a) ^£ ^^^^ 71^712^ S^, b) ^j-71 wV-g- 

^ c) ^7] tiv^-§^7i^ -^^ ^*>^ ^^^^ ^ 

$Zl=1-. ^ tfl^ ^:£0^ ^^>o^ ^£ 71^711- "j-'^-^S.^. ^ 

^ ^£ ^>^1^ ^£ ^V^ll- S^^>^ ^o] 4=1^M-. ^^Jl:^ 'S^Jfl^-g- 

^ ^J-7l ^s. <^^ol 7>;^1^ 7l^o.^ ^^l-o^ H :x]-ol o;) ^^o] 
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tV^o^ ^«>ol] o^r^.. Il^]B.S., ^7] ^^ JL^ 1')^ /C^^ <^ 

^(2. 2') AHo^ 7lsl» ^2l-A]7^Ai ^<atl: ^711 sl^t-fl, ^£ ^>ol 

» ^V7l ^£ cg^ A>olo^ ^o]7]- 7]-t7]7} ^o}^]jl^ vi\. 

(adhesion force)<^l ^^1 tfl^* ^■l^ljs:]-^ ^^oj^.^., ti>^-g- 

71^ ifl^^ ==r ^#5)^ tiV^^ 

^ ^ ^1^^ ^-§-^7]^ ^^:j^i-si ^^^^ J^tb. ^-§-^71^ ^M^l-t ^ 
7};^]^ ^cV. ^^J::^ ^^^-^'^fl^i ^ 

^^^^ ^M^^l wl*><^ ^ l-3!l-o^ ;gS!-^oi ot^ ^^A^ 

^ 3:^<^1 5l-:£^ 2:^1-* S^^><^ ^-§-§-711- 

^, ^ ^^^^ %i=^oi-^i^a ^ 

n'Sr^] 7>^^>^1 ^ ^£ ^cfo- 5Lf-^>^ 
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sife >ii 1 ^1 2 o;i4. ^1 1 <^^s.^i 

91 ^1 1 ^^^^ 1:^(101)51}- 1 ^i^^ l-^oil ^^^V^ ^^^lo] ^<i«j-Aio^ 

7>^^J-^U104)S. ^^^£)o1 ^^-§-71^ ^>:^oi] <^^o_s. 

2 ^^ ^^S. ^^]^]^]^ ^j-^ ^^^5]<>| 

2 1:^(102)^ ^-§--§-71^ ^^<^] <^^SL^ ^^^}^ ^1^^ 

^ofl cg^^ ^>^^sl<H 9X^. ^7] ^1 2 1-^(102)^ 

(106), ^oj«.(io5)^ -R-<y^ #^ 2 1-^(102) ^-f-S. ^«:Al^l7l 

^t!: -B-^l^^rS.^ 5L^*>J1 9X^^ . >ll 2 1:^(102) vfls] -R-^l 

S.^ £3<^1^ :£^151^ Si^l ^^I'ib, ^^7] 2 #^(102)011 31 = 711 

^ ^>fe <y: ^ ^oM #^(101, 102)^ <a ^s] 

» >«>>-§-3^1-5!-^H . ^7l ^1 1 Ir^dOD^Jl- ^>7l ^] 2 ^iE>^^ 1-^(102):?}-^ 

151^^ ^mA]7l7l ^^Ai oj: ^s. AVolofl cf«g;^ij(io7)7> ^<asl<H 01 
cf. HB^Jl. ^7] ^] 1 1-^(101)^ ^7l 2 #^(102)^ «]:-§-§- 

711: ^-§-*V7l ^tt ^-§-^* 7>;^lJl ^^C-11. ^T-71 ^-g-^^, ^^71 ;^1 1 ^S.^^ ^ 
-^(101)^1 tb^ol nv*! 7fl^-f-(lll)Sil-, A^7l ^1 2 1-^(102)51 ^-i-^dl 
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2)sq-, ^7] ^t^tflcio?)^ ^l-^(ii7)«^l ^^^^ ^^^s. ^^i^o] 9X^. 

<59> ^^^m 1>, 2>, ^ 3>ofl^i^, Al^o^ s:V^^^ JI^ ^ 

^ ^J-^^^ ^-1^ ^=^^^1 451C7> l-o^ 2:^^>5^ 

<60> ^ ^^^^ S3<^1 <g7lAi^ :^>^lo11 ^t^JS]^ <^>1^°^. 

<6i> ^J-71 1-^(101, 102)^ ^^^^ ^^1- ^ $itq.. c^li 1-^, ^1 

1 ^i^^ 1:^(101)^ ^-§--§-71^ ^^^]7]JL, ^1 2 1:^ 

(102)^ ^-§--§-71^ ^^^^ '^^^S. ^^Aj^l^l w>-§-^7l^ -^^^ ^71^4 

^^>£^ *}71M-, 3^ ^A^^i ^>^^H ^>^-g-7lSl <1^^ 

S ^S. 9X^. £321 ^g-^-fif ^7] ^^21 l-^o.^^ 

Bl ti>-§-g-7l^ ^S^>0.^ A]S.Bl <^^O.s. <iol ^^SlTfl cflA], A]^ 

^ ^^<='1 ^^^^ ig#si-7il ^A^£ 7l-^^>ni-. 

<62> 1-^11. -^71 1:^21 71]^^ ^ SX^. £3^ ^^1.^1611^1^ 
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^ ^ ^5.^^ 1-^(101. 102)^ A>^*>^^1^. <^1<^1 tb^Sl^ <^}^^ «>■§-§- 

7lofl 1^ ^ ^ o^tci^> ^o]eV£ 7>^^]-i:i-. c^l# ^ 

<63> ^^11. £3oflA-l 1 ^^jq. :4 2 ^S.^i 1-^^ ^^1^1-^ ^ 

<64> ^^B, £3^ ^^^711(107) 1:^-^1 JLxIl, oj>^]^ 7]^] = <g 

* :^V^Al ^1^1^-1] ^^t!: ^ ^A^, ^oM ^^-^^m ^>-§-^> 

<65> 1=]-^^, SH^i A>^^ «]:-g-§-7l tflAlo^l <g cfl^7> -§-01^1-711 <go1M-£^ ^ 
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<66> >a-7l 1-^. ^ ^^sl] <i:^o^ ^ ^^tb 

s^i 1-^^ ^^tb ^-f^^m-'. ^ ^^-fl^ioll^i ^1^1- 

-i-^i^H, ^^<^1 ^l<=>fls A]^o^ 

^oju^, ^^2] ^^o] <l^o^ ^^-ll^ol ^A^c]l ol^ ^ol o>iJ|^ Al^xfloflA^ 

^*7l ^n^^ ^ol*>7|l tifl^lA]^ ^oll OX7] i^l^olcf. >^V7l ^^0^1*^ ^ 

<67> :£4^ ^-§-§-7] vfl^ A] SSI ^-g-g-71 w>rt.o.^:HE^^ ^ojoil rc|-^ ^ 

5L£S.Ai, ^ cfl^» ol-g-^H PGR -^^HH-^ ii^^^cf. ^ cfl^ 

(thermal convection)^ -n-^fl7> ^S^V'^l^i wj^^ ^£^>^ ^1^*>^ 
^^^^^'iT^f. ^>"^cfl^(natural convection)&|- , <>]^ HS^el 

<^l-§-*><^ '^l^'^l^l^ 7j-;^ltfl^( forced convect ion)sq-^ nP"^^ 

7> ^^5^>7l ^^Ai^, tiVo.^7]^fl Aj^o^ ^i^rf ^>#^^ ^£7> 
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<68> £4^1^-1 <y: ^ oi-o], ^>^s} ^#^v^ ^1 1 #^(101) 

^ 96°CS. -B-;^1^>J1 ti]:^-§-7l^ ^V-^sf ^^§>^ ^] 2 1:^(102)^ 45°CS 

-^^l^m ^4-<=^l. ^-§--§-71 Jl^ <=g^(£4<^lAi 90'C c^^), 

^ *^«(JE4ol]Ai 50t: ^ tfl^ '^"^(£4<^lAi ^£o^ 7l^7l7l- 

^IJI, i:1vfl^eflol^ cjTjl^ A]^^ cfl^ <^^^ :i-^].c^ ^Vy] X-]^ c^<^ 

ol^^sjo^ ol^^ c4.;^l# 7]P^]7\] Al^7> >^l-7l ^^ofl o;[^ :^o>ji}. 

1=1-. ^ ifl^-^l ^tb ^j-71 3 71] ^^o\] ^^}<^. ^j-71 3 7V;^1 ^7j] 

71- ^^V^olji aV^^^S. #^jLdt 'S^^-g-'Hl ^tt ^7lA-l<g 

<69> S.^d\] Jl^s^^ DNA ^^Jl4i# ^V-g-t!: ^^1- :a.<^^i 

(Klenow fragment) ^4 T7 DNA ^o] ji^ 7^^! jLdii 

£ ^>-§-^ ^ '=>]^ ^ ^^^^1- ^^1 ^JE7> JL^iJ. 

«V^^-^S ^5l-^Vfe ^^1 <^>M2l-, ^1^1^ ^£7> ^;^lSl7l nfl^o] 
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^ <^^^S 9X^B.S., o]E.^^ Z]^ cg^ofl 

tfl^ "^^^ ^^%-^'^] DNA ^^Jl4i# ji^ 7Hxl 

<70> ^ ^^ol «g7lA^<i ^S. ^^1^ A>^^H, ^ ^i^o^ r^A^^ ^ 

<71> <^-^ 1> 

<72> 1. 

<73> 1.1 «]:-§-§- 7] 

<74> ^-§-^7lS-A^ tb^o] -^e)^^ A>^s:].^ o.D^ ^ ^o]^ 55-60 

mmolJi. tfl^^ 2 mm^lJl, -S^l^^^l 8 mm^lH, ^^tl ^ -R-B^ ^^1^ 3 

mm<^l^^. ifl^^ ^H^flo] l-B^ ^B.^ 

(Polytetrafluoroethylene) ^^^1^ ^^*>JI I^Sj-Al?^ ^>-§-^>5i 
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<75> 1.2 

<76> pBluescript II KS(+)* DNAS. ><>>-g-s:>^r:|-. PGR ^-^^] ^\-%-^ ^]S.^ 

DNA7> 40 ng, T3 ^e1-<^l ^ (5'-ATTAACCCTCACTAAAG-3' ) ^ T7 ^5^-01^(5'- 
AATACGACTCACTATAG-3')7l- 40 pmoP^ S^sl^^ 3X^, 4 nmol^ dNTP ^^l"^, 

1 pmol (5 U)^ Taq DNA ^^S-^iTag DNA polymerase), n^Jl 250 nmol <g5|-i3>ZL 
50 mM^ *§5|-^#<^1 ^^1 100 z^*?! pH 8.3^ 10 raM H^l^ 

<77> 1.3 tit-§-^:£i4 ^^^1^ 

<78> ^^-1 o>Hfla. 1 «.s.(ioi)^ 7>^ ^^1* 7><i^H 96t: 

S. -B-^l^V^JL, 2 1:^(102)^ a>^^>o^ 45^ 

4(111. 117. 112)011 ^7]^^ ^31, Al^V J^o> tiV-l-Al^cl-. olufl, tiV-g-g-oJ^ol § 

^ «^^l^>7l ^Sfl 7l^lS- 7>^>o^ 1.2 7]'^- ^£21 oj-^^ o.;,i^|.o|^ 

<79> 1.4 «]--§-§- 7] Al^o^ 

c]-. 'a^^(thennocouple)* ^l-g-sr>^ ^£^^1^ #c>l ^-§-g-7l tiV^oilA-l«- 

B] 2.5 mm -ii^ ^-s^^^V^ *<='fl ^^1^>£^ '•^l^^^l ^^ftt ^ 
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<81> 2. ^^^^ 

^1^ ^fl^ ^ 90t: o]^<>] 

^^^^^ ^ ^^^-(£4 >a-7l ^ tfl^ 

^-5-g-7l» ^tl ^-g- ^S^^l-* 1.0% ^>7]-S.^ ^(agarose geOS. ^ 

7l<^-^Al7!^ ^^^V^i^l-. ^>^^m^ 30^ 4A1:?>^7>;^1 

^7l "^^Al^ojcf. til-^ 164 bp^l ol^M-^ DNA^l 

cf. £5<Hl^i ^ 90^ ol^oi] PGR «V^o] i5l-5]7l ^ ^ 
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<84> <^-^ 2> 

<85> 1. ^-^S:?! 

<86> T3/T7 He1-<5H ^ ^l-^H] KS/U ^el-^ji^ ^, KS/PvuE ^ej-ol^^ ^, KS/yVae I 

se^oH z^-zj- A>^^>c^ ^^^V^cf. ttV-g-^ 150^^ ^^^l^-^i^, ^^^] 

12^ ^<asrl-7ll ^V^li^f. T3, T7 Se?-c»lT^^ 

<87> KS ^^'^] ^ ; 5 ' -CGAGGTCGACGGTATCG-3 ' 

<88> U Hel-ol ; 5 • -GTAAAACGACGGCCAGT-3 ' 

<89> PvuU ^efol^; 5'-TGGCGAAAGGGGGATGT-3' 

<90> Nael ^^^]^: 5'-GGCGAACGTGGCGAGAA-3' 

<91> 2. -^^^^ 

<92> -U^ m^, ^y]"^^^^ ^}^^>^ ^-§- ^S^^M:^ ^91^}"^^. ^6^ 

2^ <^-g-A>^o.^ ell^ 1, 2. 3 ^ 4^ T3/T7 H 

^, KS/U ^el-o]!^ ^, KS//^n ^, KS/Nael ^^<^]^ "^^S. 

f^s.^ ^jzf^A-l, z^-^q- 164 bp, 144 bp, 213 bp, 413 bp^^ ^7)7} <^1^M-^ 
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DNA7> ^5^^^^ ^ ^t^, 

<93> <^-^ 3> 

<94> 1. 

<95> Al^ofl DNA ^^JLiiil- tflAl, Tag DNA ^ S^-^^H 

<96> 2. ^^^4 

<97> >s-7i 1^^^. ^7l<^^^^ ^>-§-^H ^-§- ^m^^ ^^*>^^. :£7^. 

<98> >a-7l 1>, 2>. ^ 3>^ :i-^>o^ t:].^3i|- 
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^ tfl^ cg^o^ ^^-¥-<^l ^^1 S^ofl 31^*!- DNA ^-^jLdii^ ^^lAl?^ PCR 
^19^ ^ ^oi^o.^M)^ Jl^oflA^ "^T^^J^ DNA ^^S.±S. A> 

<ioi> ojAj-oflA-l ^^tl: ^ ^'^^ ^#tb -^^l*^! ^ 2.^<^1 ^*fl tb^^S]^ 

^o] ovqji, ^ ^T^o^ 7l#^ A>>^^ ^oli^^l ifl-^l^i 7V:^1 

^oi]A-^ <^lAl<^l ^^m^l 8^-2.1:1^, tV^^^S ^B^sl^^i^ 91^^. ^ ^'^^ 
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<I03> <§7lAi<i ^J-^]o^ ^A^^ ^Vcf^l ^ ^ oxv^, ^ Al^o] 

^^t!" ^ ^tb ^^1^ >^>-§-* «M]a1^o.s^^ ^ 

<104> 1:^11, PGR ^^71^^^ ^^^^ ^l-^l* ^^S|-^}7ll4, 

<105> ^^fl. IL-Sr 91^^^^^ 7}^]^] DNA ^^jLdti ^j-^l" ^ ^^f. ^ 

<^lAi^, 'i]:^-§-7l^ <^^^ DNA f^^^jLJ::7> ^:£S -^;^]Al7]Jl 

^^ofl JL^^-^ DNA ^^Jl^* ^>-g-^ ^4- ^^JLdi* ^iE<^l Jl 

H5fl^^H(Klenow fragment) M- T7 DNA f^^JL^i^ Jl^:^ PGR ^-^^] ^}-%- 
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[^^^ 11 

^^■^}JL7]- s.;^ ^7lAl<i^ 5Lf-^ DNA, DNA ^^Jl^, 'S-'d^sl- 

^ 'i^^ ^^^^ ^^^l7lS], ^1-71 A]^ iflo^ 4^o^ S.^^ cg^ ^ ^Vcfl^o.^ 

-^7] ^■^^o^ i) o]^7}^ DNAl- ^'U^}^ DMAS, ^el^l- 

^ v]^Jj\^z]]o]/^ T^:^]^ ii) >^i-7l ^<a7>^ DNA7> ^7] H2|-o]tJlsq- DNA-^sl-o]^ ^ 

^^^^>^ iii) -iM DNA-HHl-olT^ ^5l-<^l^# 

«]:-§-<Hl ^^><^ l-^l^el^l^l^ ^^17> <Uo]^ ^ ^S. 7M 

'^^l:^ S^^H. tH^-^Hl ^t!: ^IS^ ^«:<^1 ^*>^ ^i^^eflo] 
^ ^^1. <H^^ ^^1. ^^11- aV^^^S. ^^5^l7l^ 
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^1 1 $i<H^i. ^ ^VM-^ ^^71 ti}-g-g-7i 

^oM Ai^o] c^^6\] <g^^^ ^^51^ ^n]; ^ -^oM 'i^:£^^ ^ 

^1 1 ^^^i. ^ ^VM-^ <i^^ ^j-71 tiJ:^-g-7i^ s. 

l^^^J- 41 

^1 3 *oHl ^^^i. ^>7] ^c>i:£ ^-fl^li- i^v-S-S-71 ^^S- 
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[^^^ 51 

^1 1 *J-<^1 9X<=^^^, ^71 ^ ^o]S. €r>q-Sl ^-§-§-71^1 ^ 

^i^i iJ-^. 

^1 1 9X'=>]^^, ^^7] 1^ # a^o]£ 8>i45^ <g^^ Aj-7] Ai^ofl <t 
[^^^ 71 

81 
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^V7l s^^c^ ^^a^ i) o]^7l-^ DNAl- ^^7>^ DNA^ ^el*> 

i^^fl^5ll<5l^ ^/^l, ii) ^7] ^^7]-^ DNA7]- >a-7l ^efojols^. DNA-He)-oH 4 
^^J^V^ ^^]. iii) DNA- = e1-<^li^ ^^^1^ ^2l-<5H* 

^^1-^ 5L^*H, l^fl^^^l Sltb ^1^^ ^^<^1 ^^>«^ ^oM l^i^^Bfl^l 

-51 ^^1. ^^V^olji tiV^^o.^ ^^jAl^m 

9] 

^1 8 %H1 ^o^^i, ^€ # ^1-71 tiV-g-§-7l 

^7l A]s-s] <:g^6ii ^^-^s ^^51^ ^ ^ 

10] 

^1 8 %H1 ^O^A-l, ^1-71 ^ ^o]S. -^1-71 «]:^-g-7l2^ ^ 
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[^T^^ 111 

^1 10 «J-<^1 ^<H>^^, ^7] ^<^S. *>l4^ ^V7l 6fl^]^ ti]:-§-§-7l 

121 

^1 8 %H1 Si^^^i, ^ ^o:|i ^>q-^ <i^^ ^>7l til:-§-g-7l^ ^ 

^i^ 
[^^^d- 131 

^1 8 ^O^Ai, ^ ^o]S. <i^^ ^^7l Al^ol] 3]^ <g 
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.{^^•% 141 
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Sal 
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is. 41 




is. 5] 



30 
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J 

I£ 61 
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